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                           Abstracts 
    Every year in winter, cloud-seeding is conducted in the Tohoku District, northern 
part of Honshu, Japan for the purpose of artificial snow making. Observations showed 
that cloud-seeding is effective in increasing snowfall amount from the following points 
of view: (1) High ice nucleus concentration was obviously observed at the ground in 
the target area 20 to 25 km away from the location of the AgI generator. (2) Average 
high freezing nucleus concentration which was observed in the fallen snow and an in-
crease of snowfall amount agreed with each other in the target area. (3) Simultaneous 
observations of ice nucleus concentration in the air and freezing nucleus concentration 
in the fallen snow disclosed that the former was subject to the influence of the surface 
wind and the latter to the influence of the wind aloft. (4) The observation at Daishaka 
showed that ice nucleus concentration at the ground, and snow crystal forms and 
freezing nucleus concentration in the snow depended upon the temperatures and winds 
from the upper air to the ground.
1. Introduction
   Many  cloud-seeding experiments with silver iodide smoke released from the ground 
have been carried out with a view to increasing the amount of rain over a wide area, and 
the results of these experiments have been evaluated on the basis of their statistical 
analysis or the ratio of precipitation in the target area to that in the control area. 
   During the winter months since 1951 cloud-seeding programs have been conducted 
in the northern part of the Tohoku Region  jointly by the Tohoku University, the 
Sendai District Meteorological  Observatory and the Tohoku Electric Power Company, 
Ltd., Sendai. The intention was to determine if this procedure could produce an 
increase in snowfalls over a selected area. 
   The measurement of the snowfall amount is less accurate than that of the 
rainfall amount. Snowfall varies a great deal according to its locality. Therefore the 
results of the experiments do not seem to be accurately evaluated on the basis of the 
amount of precipitation only. In this program the source  intensity of the ice nucleus 
generator, the ice nucleus concentration in the target area, and the amount of 
freezing nuclei contained in snow water have also been examined.
2. Design of experiment 
   Lake Towada and Lake Tazawa and their
* Presently on the staff of the Geophysical Institute,
neighborhoods where water power 
University of Alaska, College, Alaska
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plants are gathered, have been selected as the target area, no control area being set 
up (Figs. 1 and 6). The present paper covers  only Lake Towada and its vicinity. In-
stead of random seeding, planned seeding has been carried out. Every year during 
the periods of Dec. 21—Dec. 31, Jan. 11–Jan. 20, Feb. 1–Feb. 10, Feb. 20–Feb. 28, and 
Mar. 11–Mar. 20, silver iodide smoke was released from the burners from 8: 00 JST 
to  22:00 JST at three particular places-Goshogawara, Hirosaki, and Noshiro. Silver 
iodide smoke was intermittently released for ten minutes after twenty minutes' recess.
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Experimental area
   In this area the wind blows most frequently from NW-W , and its velocity is 2-10 
 m/sec. The burner used is the one designed by  TOMINAGA and KINUMAKI (1). It burns 
AgI in liquid  NH3 solution. The size of AgI particles is predominantly less than 100A. 
 1012 nuclei which are active  at —15°C are produced per second. The method of 
measuring such source intensity will be described by OHTAKE and  ISAKA (2). 
3. Checking of arrival of  Agi smokes at the target area 
   Theoretically it is not yet known how silver iodide smoke from the burner diffuses 
downwind toward the target area. Under unfavorable conditions such as complicated 
geographical aspects or changeable winds, smoke density is very difficult to evaluate 
from the source strength. Therefore, it is preferable to observe smoke density at 
specific places in the target area. 
   We observed nucleus concentration every thirty minutes day and night without
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           Table 1 Station and dates of ice nucleus observations in the target area 
        Station Date 
                 Itadome Dec. 18, 1961  Dec. 23. 1961 
                 Aomori Feb. 21, 1962 — Mar. 3, 1962 
                    Ushirogata 
 ShinjO 
                   DaishakaDec. 19, 1962 — Dec. 24, 1962 
                   Kuroishi 
any break. Such observations were repeated three times at the ground (see 
Observations by aircraft will be described later on. 
(a) Method of observation 
   Mixing cloud chambers, an improved type of the chamber presented by 
were used for observations. As shown in Fig. 2, the improved chamber is
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Fig. 2 Ice counter
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diameter and 30 cm in depth, its volume being about 5 litres. Air to be observed is 
fanned into the chamber to the full and cooled down  to  —15°C. A flask with a piece of 
wet sponge heated at 40°C diffuses water vapour into the chamber. Then supercooled 
fogs are supplied. After 3 minutes crystals which have formed  in the sugar solution 
of —14°C, are counted. The number of crystals found in the sugar solution cor-
responds to that of ice nuclei in the air of 5 litres. 
(b) Results of observations at the ground 
   The examples of results of observations are shown in Figs. 3, 7a and 7b. Among 
observations, only those made at Itadome will be discussed below (see Fig.  3). On Dec. 
19 and 20, 1961, before the release of AgI smoke, only a few ice nuclei were found in 
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40. Ice nuclei fluctuating from 0 to 2 per one litre suddenly jumped up to 18.4 per one 
litre at  14: 20, when the west wind was blowing from the burner stationed at Hirosaki 
and seemed to be sending AgI smokes directly to Itadome, 22 km away. The time 
from 11: 40 to 14: 20 corresponded to the time taken for the wind to travel from 
Hirosaki to Itadome, so that the speed of smoke diffusion was considered to be equal 
to that of the wind of 2.5  misec. From  14  : 20 smokes of high density remained for a 
while over Itadome, recording 68 nuclei per litre at a maximum. With the appearance 
of this peak the number of ice nuclei greatly changed up and down as time passed on. 
This seems to show that AgI smokes diffused in the  form of a narrow strip. After the 
stoppage of the release of AgI smokes ice nucleus count showed a gradually decreasing 
tendency. On and after Dec. 22, the nucleus count continued to show a high level, 
but a conspicuous peak did not appear due to the unfavorable conditions of the wind 
direction. At any rate an indication was found that a large  quantity of AgI smokes 
released from Hirosaki came to Itadome under the favorable conditions of the wind 
direction. 
    Comparison between the values of ice nuclei calculated according to SUTTON'S 
diffusion equation (see PASQUILL'S text book for detailed information) and those 
observed by  fieldworkers is given below. 
    According to  UTTON'S equation ice nucleus concentration was calculated at about 
40 nuclei per litre under the conditions that the number of nuclei which are active at 
 —15°C from the burner in unit time , the so-called source  intensity, was 1 x 1012 nuclei 
per sec., that average wind velocity was 3 m/sec, that the atmosphere was in a state of 
slight instability, and that Itadome is 22 km distant from Hirosaki. The calculated 
concentration roughly agrees with the observed value described above. 
   The summary of the results of observations at the ground will be given  below: 
   (1) Before the release of AgI  smoke, the number of ice nuclei in the air was less 
than 10 litre with almost no variations. 
   (2) A few hours after the release of AgI smoke, the surface concentration of ice 
nuclei suddenly increased in number. 
   (3) The time from the release of AgI smoke to a sudden increase in the surface 
concentration of ice nuclei almost corresponded to the time which the wind took to 
travel the same distance. 
   (4) The number of ice nuclei was almost equal to that calculated on the basis of 
SUTTON'S diffusion equation. 
   (5) A slight change in the direction of the wind made the number of ice nuclei 
to fluctuate a great deal. This means that a plume of AgI smoke was narrower than 
was expected. 
   (6) During the release of AgI smoke the number of ice nuclei showed a great 
 change. 
   (7) After the release was over, ice nuclei decreased in number and ceased to 
show great fluctuations. 
   (8) Under the conditions that the wind was blowing at a low speed or that
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 observations were being made in the valley, the increased number of ice nuclei did not 
decline with the stoppage of the AgI smoke release. 
(c) Ice nucleus concentration overhead 
   Observations of ice nucleus concentrations were made by helicopter over both the 
burner locations and points 1000-3000 ft leeward. At several points air was collected 
into numbered rubber balloons, which were brought to the ground for nucleus count. 
The results of the observations (see Table 2 and fig. 4) showed that, generally speaking, 
many ice nuclei to form enough ice  crystals existed in the atmosphere up to 3000 ft above 
the target area. 
                       Table 2 Ice nucleus concentration overhead
(a)  Jan. 11,  1902,  (12:  30-13:  40), 
 air temperature —4°C. 
 No. of ice nuclei Station 
 —16°C) in 5 litre 
Hirosaki 6 
Namioka 6 
Aomori  j 20
 P,C) 
 seP:
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                Fig. 4 Ice nucleus concentration  at:2000ft, Feb. 23, 1962. 
4. Measurements of freezing nuclei in snow water 
   If AgI particles, the seeded substance, are to increase the snowfall amount, the snow 
in the seeded area is considered to contain both AgI particles and natural ice nuclei, while
  (b) Vertical distribution of ice nuclei con-
      centration at Aomori, Feb. 22, 1962 
                       No. of ice nuclei
Altitude Temperature (active at —15°C) 
                     in 5 litre of air
 Oft  0°C  18 
1,000ft  —5°C 16 
 2  ,  000ft  —8°C 15 
 3,  Mit —10°C 7 
         AOMORI 
 BAY 
 ABURAKAWA • -4111W1 
 
1.2  ZMOR1 
       3.0 
 TSURUGAOKA 0  I.0 
         ARAKAWA 
  NAMIOKA 
 1° 2.3  ^G 
 KUROISH  I 
    3.0 
         ITADOME
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the snow in the unseeded area contains only natural ice nuclei. Therefore, the meas-
urement and the comparison of ice nuclei, natural and artificial, contained in the fallen 
snow in the seeded and the unseeded area will do much towards determining the 
effect of cloud-seeding. 
 AgI particles can also act as freezing nuclei, so that by melting the snow containing 
AgI particles, and by spraying it into a cold chamber, ice crystals of both natural 
freezing nuclei and AgI particles will be produced. Consequently, the comparison 
between regional distributions of freezing nuclei in fallen snow during the seeding 
and the unseeding period will reveal the station where snow crystals containing AgI 
nuclei fell. In this way of thinking, during the winters of 1960-1961 and 1961-1962 
snow samples were collected at about 20 points on both the windward and the leeward 
of AgI burners during the release and the unrelease time of AgI smokes, and the regional 
distributions of freezing nuclei in snowfalls were examined. "Freezing nucleus" here 
means the substance which shows its ice nucleability at a certain temperature below 
0°C, by freezing a small droplet. It is due to this sort of ice nucleus that ice crystals 
form when the snow water is sprayed into a cold chamber. That is the reason  why the 
term "freezing nucleus" is used in this paper. 
   Snow sample collection was conducted at following  stations: 
1960-1961  •  •  • Kuroishi, Itadome, Aomori, Hirosaki, edate, Owani, Aobuna, Ichino-
             watari,  Noheji, Tanabu, Hukaura,  eike, 
1961-1962  •  •  •  • Stations mentioned above (excepting Oike and Kanagi), Yokohama, 
            Arihata, Shichinohe,  Urata, Tateishi, Kaseshinai, Nenokuchi.
The snow collection stations for the winter of 1961-1962 were selected with considera-
tion of the results of the counts of freezing nuclei in snowfalls during the previous winter. 
   Dates  of snow sample collecting are shown in Tables 3a and 3b. 
                 Table 3 Average numbers of freezing nuclei in snow water
         (a) 1961-1962 
 - -   - — - 
 AgI smoke release  i AgI smoke unrelease 
               Jan. Jan. Feb. Feb. Feb. Average Jan. Jan. Feb. Average Ratio of release   Station 
14 15 7  I 21 27 No.  5 24 12 No. to unrelease 
 —  -  „  rn  P.  n  r.  0  L.   A  n
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(a) Snow collecting procedure 
    A series of the 24-hour  collecting of snow samples were conducted from 9: 00 to 
 9: 00 of the following day, during which time snow was collected on a piece of vinyle 
cloth 1.8  m  x 1.8 m. The collected snow in the form of snow water was kept in sealed 
polyethylene containers whose volume was 0.5 litres each. After snow collecting was 
over, these containers were all sent to the Geophysical Institute of the Tohoku Univer-
sity and the freezing nuclei in the snow water were counted by the ice nucleus counter. 
(b) Freezing nucleus counting 
   The apparatus described in 3 was used for counting. For 3 minutes supercooled 
fogs were supplied into the cold chamber kept at —17°C and natural ice nuclei within 
the chamber were counted. Then a fixed quantity of snow water was sprayed in the 
form of numerous small droplets about 10 microns in diameter. Next, supercooled fogs 
were supplied again for 3 minutes. Now the crystals which had developed in the sugar 
solution were counted. The difference between the first and the second counts is 
considered to have shown the number of freezing nuclei in the snow  water. 
(c) Results 
   The average numbers of freezing nuclei in snow water for each snow collecting 
station during the period of smoke release and unrelease are given in Tables 3a and 3b. 
   Fig. 5 shows the ratio of freezing nuclei during the AgI release period to  those 
during the AgI unrelease period at each snow collecting station. It is noticed that dur-
ing the smoke release period freezing nuclei exhibited a tendency to increase in number in 
the area where increased snowfall was noticeable by statistical analysis of snowfall
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5. Simultaneous observations of ice nucleus  concentratio 
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   logical conditions 
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west in the free atmosphere. At Aomori, as shown in Fig. 6, ice nucleus concentration 
at the ground was rather high as compared with natural ice nucleus concentration during 
the AgI non-release period. This may be attributed to positive effects of  AgI smokes 
from Hirosaki. The reason why ice nucleus concentration was not so high as on Feb. 
27 was probably because the center of a  strip of smoke did not pass Aomori. 
    On the other hand, high freezing nucleus concentration was found in snow water 
at Noheji. This may be due to AgI particles which diffused to the northwest of Hirosaki 
by the ground wind from the southwest and then turned their course to east by the 
west wind aloft. At Aomori no increase in freezing nucleus concentration wasobserved 
in snow water. According to the radiosonde data for the day, the growth level of snow 
crystals was higher than 1.5 km, which seemed to make it difficult for many ice 
crystals with AgI nuclei to fall over Aomori. 
(b) February  27,  1961 
   The west wind was blowing at the ground at a speed of 5 to 8  m/sec and the 
northwest wind overhead. At Aomori in the afternoon a sudden increase in ice nucleus 
concentration was noticed at the ground. With regard to freezing nucleus concentra-
tion in snow water, an increase was recorded in the vicinity of Kuroishi and Ichinowatari, 
but not at Noheji to the east of Aomori. Inspite of different meteorological conditions 
on Feb. 21 and Feb. 27, a similar increase tendency was observed on both  days  : an 
increase of ice nucleus concentration at the ground was seen on the leeward of the 
surface wind, and an increase of freezing nucleus concentration in snow water was 
observed at stations over which AgI smoked streamed in by the wind aloft. 
(c) December 24,  1961 
   Most interesting data were obtained on this day at Diashaka which is about 20 km 
northeast of Hirosaki and about northeast of Noshiro. AgI smokes were released from 
both Hirosaki and Noshiro. The wind was blowing at a constant speed of 2  misec from 
the southwest, starting at about  8: 00 when the release of AgI smokes began. A few 
hours before and after the release of smoke, about 5 nuclei per litre was recorded at 
most. At 11: 20, 3 hours and 20 minutes after the commencement of  AgI releasing, in-
numerable crystals were counted in sugar solution of the ice nucleus counter. To 
confirm such high concentration, another count was made only to find as many as 27 
nuclei per litre. It was clear that high concentration AgI smokes had reached Daishaka. 
   Simultaneously with an increase in the number of nuclei in sugar solution, there 
was a heavy fall of column-shaped and hexagonal plate-shaped snow crystals. By the 
way, at about  10: 00 there was a slight snow shower, whose crystal form could not 
clearly be identified because of a temperature of 2°C. The heavy snowfall lasted for 
about one hour, and then the snow of column shape and hexagonal plate shape changed 
into that of dendrite shape with cloud droplets. It is very rare that this area is  subject 
to a fall of snow crystals of column and hexagonal plate shapes. With the stoppage of 
the snowfall, ice nucleus concentration in the air suddenly declined, and at  12:40 4.4 
nuclei per litre were counted. It seems that  AgI smokes arrived aloft simultaneously 
with their arrival at the ground and acted as nuclei of snow crystals of column and
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hexagonal plate shape. With the exhaustion of AgI smokes, supercooled droplets in 
clouds seem to have outnumbered ice crystals and caused cloud droplets to stick to 
snow crystals. 
 NAKAYA'S diagram on snow crystal habit tells that column-shaped snow is produced 
in the atmosphere with comparatively small quantities of vapor at temperatures of 
—8°C to —13°C. At Daishaka there was a heavy snowfall when the temperature was 
—13°C at a height of 1500 m, —8°C at a height of 1000 m and 0°C at the ground. If AgI 
smokes from the burners at Hirosaki were to have  diffused upward at an angle of  1/10 
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station which is 10 to 15 km from Hirosaki. Developing and being carried down by a 
wind of 2  m/sec, they are supposed to have fallen over Daishaka which is 20 km from 
 Hirosaki. Therefore, it may safely be said that  AgI seeding brought about the heavy 
snowfall. At the same time, the snow samples were collected for counting freezing 
nuclei in snow water, as explained in 4. The result was that freezing nucleus con-
centration was found to be several times as high as that at other stations (see Fig. 8).
 04.0
                   + 8.5 
           8,5 . 
        ) LO•                       • 0 8,6  11110 -
 • 
                                  • •0.7  •  4,0 6.0 
                                 •  2,0 
 •  4.0—                      fI-if"20 9'8 
 • •" 2.0 
 0.54.0 
 20.0+ 
 C  •  9.0 
            Fig.  8 Freezing nucleus concentration in snow water collected on 
                   December 24, 1962. 
On that day the wind was blowing from the southwest at the ground, and from the west 
in the air showed a sudden increase to be guessed from the velocity and direction of the 
wind at the ground as in the cases of (a) and (b). It was also found that the area with 
high freezing nucleus concentrations in snow water extended at first in the direction of 
the wind at the ground and then gradually in the direction of the wind aloft with in-
crease of the distance from the burner. Many meteorological phenomena resulting from 
cloud seeding have been explained without conflicting with one another. This may 
prove positive effects of AgI seeding upon increased snowfall amounts. 
 6. Conclusion 
   During the two winters, observations of ice nucleus concentrations in the atmos-
phere took place at point to 20 to 25 km to the leeward of AgI burners. Their results 
have revealed that under favorable wind conditions considerably high ice nucleus con-
centrations were observed over the target area. 
   However, it is not yet known how high concentration is most effective in  increas-
ing snowfall amount. An increased  snowfall  may  depend upon cloud droplet concentra-
tion, too. A plume of  AgI smoke does not seem to expand so wide as is expected  with-
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in 20 to 30 km of AgI burners. Without meandering, AgI smokes appear to spread in 
a considerably narrow strip. 
    The area where high freezing nucleus concentrations were found in snow water, 
corresponded with the area with increased snowfall amounts. 
    There has been some apprehension that AgI particles might fall in the form of dry 
fallout or coalescence with natural snow. This apprehension, however, was dispelled 
by the finding that most of snow with high freezing nucleus concentration fell over 
faraway stations with increased snowfalls rather than in the vicinity of burners. There 
has been no exception to this finding. 
    The relationship between ice nucleus concentration in the air and freezing 
nucleus concentration in snow water was made clear. In other words the former 
depended upon the surface wind, and the latter upon the wind aloft. 
    Surface observation of snow crystal forms showed that snow crystal form changed 
according to ice nucleus concentration in the atmosphere and temperatures and humid-
ities in the upper air. 
   Analysis of cloud-seeding on the basis of AgI smoke diffusion and freezing nucleus 
concentration in snow water and statistical analysis of precipitation amount agreed with 
each other in admitting positive effects of cloud-seeding. 
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